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Figure 1 Global examples of emerging and re-emerging infectious diseases, some of which are discussad in the main text, Red repressnts newly emerging diseases;
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ABI Sequencmg CapaC|ty

105M reads/year

>60 Billlon Q20 bases/yr

whole genome or directed sequencing at scale
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Next Generation Sequencing Technologies

Solexa

Read length: 100-200b Read length: 25-35b
Capacity: >20-60Mb/run Capacity: 40Mb-1Gb/run
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The Starting Point: Genome Sequences
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In
Sequencing Assembled Annotated
Burkholderia spp. 2
Enterococcus spp. ~24
Francisella spp. 6 1
Listeria monocytogenes 2 16
Mycobacterium tuberculosis 7 3 2
Pseudomonas aeruginosa 2
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The Starting Point: Genome Sequences

In
Sequencing Assembled Annotated

Aspergillus terreus* 1 1
Candida spp.# 5 5
Coccidioides spp.* 16 3 1
Dimorphic fungal pathogens* 11 2 2
Cryptococcus neoformans# 2 1
Dermatophyte spp.# 5

*NIAID
#NHGRI
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The Starting Point: Genome Sequences
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Vectors
In
Sequencing Assembled Annotated
Aedes aegypti 1 1
Culex pipiens quinquefasciatus 1
Ixodes scapularis 1
Protists
In
Sequencing Assembled Annotated
Plasmodium falciparum 11
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The Starting Point: Genome Sequences
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TATTGAATTTTCAAAAATTCTTACTTTTTTTTTGGATGGACGCAAAGAAGTTTAATAATCATATTACATGGCATTACCACCATATA
ATCCATATCTAATCTTACTTATATGTTGTGGAAATGTAAAGAGCCCCATTATCTTAGCCTAAAAAAACCTTCTCTTTGGAACTTTC
AATACGCTTAACTGCTCATTGCTATATTGAAGTACGGATTAGAAGCCGCCGAGCGGGCGACAGCCCTCCGACGGAAGACTCTCCTC
GCGTCCTCGTCTTCACCGGTCGCGTTCCTGAAACGCAGATGTGCCTCGCGCCGCACTGCTCCGAACAATAAAGATTCTACAATACT
TTTTATGGTTATGAAGAGGAAAAATTGGCAGTAACCTGGCCCCACAAACCTTCAAATTAACGAATCAAATTAACAACCATAGGATG
ATGCGATTAGTTTTTTAGCCTTATTTCTGGGGTAATTAATCAGCGAAGCGATGATTTTTGATCTATTAACAGATATATAAATGGAA
CTGCATAACCACTTTAACTAATACTTTCAACATTTTCAGTTTGTATTACTTCTTATTCAAATGTCATAAAAGTATCAACAAAAAAT
TAATATACCTCTATACTTTAACGTCAAGGAGAAAAAACTATAATGACTAAATCTCATTCAGAAGAAGTGATTGTACCTGAGTTCAA
TAGCGCAAAGGAATTACCAAGACCAT TGGCCGAAAAGTGCCCGAGCATAATTAAGAAATTTATAAGCGCTTATGATGCTAAACCGG
TTGTTGCTAGATCGCCTGGTAGAGTCAATCTAATTGGTGAACATATTGATTATTGTGACTTCTCGGTTTTACCTTTAGCTATTGAT
GATATGCTTTGCGCCGTCAAAGTTTTGAACGAGAAAAATCCATCCATTACCTTAATAAATGCTGATCCCAAATTTGCTCAAAGGAA
CGATTTGCCGTTGGACGGTTCTTATGTCACAATTGATCCTTCTGTGTCGGACTGGTCTAATTACTTTAAATGTGGTCTCCATGTTG
ACTCTTTTCTAAAGAAACTTGCACCGGAAAGGTTTGCCAGTGCTCCTCTGGCCGGGCTGCAAGTCTTCTGTGAGGGTGATGTACCA
GGCAGTGGATTGTCTTCTTCGGCCGCATTCATTTGTGCCGTTGCTTTAGCTGTTGTTAAAGCGAATATGGGCCCTGGTTATCATAT
CAAGCAAAATTTAATGCGTATTACGGTCGTTGCAGAACATTATGTTGGTGTTAACAATGGCGGTATGGATCAGGCTGCCTCTGTTT
GTGAGGAAGATCATGCTCTATACGTTGAGTTCAAACCGCAGTTGAAGGCTACTCCGTTTAAATTTCCGCAATTAAAAAACCATGAA
AGCTTTGTTATTGCGAACACCCTTGTTGTATCTAACAAGTTTGAAACCGCCCCAACCAACTATAATTTAAGAGTGGTAGAAGTCAC
AGCTGCAAATGTTTTAGCTGCCACGTACGGTGTTGTTTTACTTTCTGGAAAAGAAGGATCGAGCACGAATAAAGGTAATCTAAGAG
TCATGAACGTTTATTATGCCAGATATCACAACATTTCCACACCCTGGAACGGCGATATTGAATCCGGCATCGAACGGTTAACAAAG
CTAGTACTAGTTGAAGAGTCTCTCGCCAATAAGAAACAGGGCTTTAGTGTTGACGATGTCGCACAATCCTTGAATTGTTCTCGCGA
ATTCACAAGAGACTACTTAACAACATCTCCAGTGAGATTTCAAGTCTTAAAGCTATATCAGAGGGCTAAGCATGTGTATTCTGAAT
TAAGAGTCTTGAAGGCTGTGAAATTAATGACTACAGCGAGCTTTACTGCCGACGAAGACTTTTTCAAGCAATTTGGTGCCTTGATG
GAGTCTCAAGCTTCTTGCGATAAACTTTACGAATGTTCTTGTCCAGAGATTGACAAAATTTGTTCCATTGCTTTGTCAAATGGATC
TGGTTCCCGTTTGACCGGAGCTGGCTGGGGTGGTTGTACTGTTCACTTGGTTCCAGGGGGCCCAAATGGCAACATAGAAAAGGTAA
AAGCCCTTGCCAATGAGTTCTACAAGGTCAAGTACCCTAAGATCACTGATGCTGAGCTAGAAAATGCTATCATCGTCTCTAAACCA
TTGGGCAGCTGTCTATATGAATTATAAGTATACTTCTTTTTTTTACTTTGTTCAGAACAACTTCTCATTTTTTTCTACTCATAACT
GCATCACAAAATACGCAATAATAACGAGTAGTAACACTTTTATAGTTCATACATGCTTCAACTACTTAATAAATGATTGTATGATA
TTTTCAATGTAAGAGATTTCGATTATCCACAAACTTTAAAACACAGGGACAAAATTCTTGATATGCTTTCAACCGCTGCGTTTTGG
CCTATTCTTGACATGATATGACTACCATTTTGTTATTGTACGTGGGGCAGTTGACGTCTTATCATATGTCAAAGTCATTTGCGAAG
TTGGCAAGTTGCCAACTGACGAGATGCAGTAAAAAGAGATTGCCGTCTTGAAACTTTTTGTCCTTTTTTTTTTCCGGGGACTCTAC
AACCCTTTGTCCTACTGATTAATTTTGTACTGAATTTGGACAATTCAGATTTTAGTAGACAAGCGCGAGGAGGAAAAGAAATGACA
AAATTCCGATGGACAAGAAGATAGGAAAAAAAAAAAGCTTTCACCGATTTCCTAGACCGGAAAAAAGTCGTATGACATCAGAATGA
ATTTTCAAGTTAGACAAGGACAAAATCAGGACAAATTGTAAAGATATAATAAACTATTTGATTCAGCGCCAATTTGCCCTTTTCCA
TCCATTAAATCTCTGTTCTCTCTTACTTATATGATGATTAGGTATCATCTGTATAAAACTCCTTTCTTAATTTCACTCTAAAGCAT
CCATAGAGAAGATCTTTCGGTTCGAAGACATTCCTACGCATAATAAGAATAGGAGGGAATAATGCCAGACAATCTATCATTACATT
GCGGCTCTTCAAAAAGATTGAACTCTCGCCAACTTATGGAATCTTCCAATGAGACCTTTGCGCCAAATAATGCTGGATTTGGAAAAA
TATAAGTCATCTCAGAGTAATATAACTACCGAAGTTTATGAGGCATCGAGCTTTGAAGAAAAAGTAAGCTCAGAAAAACCTCAATA
CTCATTCTGGAAGAAAATCTATTATGAATATGTGGTCGTTGACAAATCAATCTTGGGTGTTTCTATTCTGGATTCATTTATGTACA
AGGACTTGAAGCCCGTCGAAAAAGAAAGGCGGGTTTGGTCCTGGTACAATTATTGTTACTTCTGGCTTGCTGAATGTTTCAATATC
ACTTGGCAAATTGCAGCTACAGGTCTACAACTGGGTCTAAATTGGTGGCAGTGTTGGATAACAATTTGGATTGGGTACGGTTTCGT

TN TTTTOATTATTTTAAAANATNHATANNRANNATTOAAATNATAATTATAATTTATAATTOAAATATATAATATALANLRAATOAATTOALAATATTTTNAT




TATTGAATTTTCAAAAATTCTTACTTTTTTTTTGGATGGACGCAAAGAAGTTTAATAATCATATTACATGGCATTACCACCATATA
ATCCATATCTAATCTTACTTATATGTTGTGGAAATGTAAAGAGCCCCATTATCTTAGCCTAAAAAAACCTTCTCTTTGGAACTTTC
AATACGCTTAACTGCTCATTGCTATATTGAAGTACGGATTAGAAGCCGCCGAGCGGGCGACAGCCCTCCGACGGAAGACTCTCCTC
GCGTCCTCGTCTTCACCGGTCGCGTTCCTGAAACGCAGATGTGCCTCGCGCCGCACTGCTCCGAACAATAAAGATTCTACAATACT
TTTTATGGTTATGAAGAGGAAAAATTGGCAGTAACCTGGCCCCACAAACCTTCAAATTAACGAATCAAATTAACAACCATAGGATG
ATGCGATTAGTTTTTTAGCCTTATTTCTGGGGTAATTAATCAGCGAAGCGATGATTTTTGATCTATTAACAGATATATAAATGGAA
CTGCATAACCACTTTAACTAATACTTTCAACATTTTCAGTTTGTATTACTTCTTATTCAAATGTCATAAAAGTATCAACAAAAAAT
TAATATACCTCTATACTTTAACGTCAAGGAGAAAAAACTATAATGACTAAATCTCATTCAGAAGAAGTGATTGTACCTGAGTTCAA
TAGCGCAAAGGAATTACCAAGACCATTGGCCGAAAAGTGCCCGAGCATAATTAAGAAATTTATAAGCGCTTATGATGCTAAACCGG
TTGTTGCTAGATCGCCTGGTAGAGTCAATCTAATTGGTGAACATATTGATTATTGTGACTTCTCGGTTTTACCTTTAGCTATTGAT
GATATGCTTTGCGCCGTCAAAGTTTTGAACGAGAAAAATCCATCCATTACCTTAATAAATGCTGATCCCAAATTTGCTCAAAGGAA
CGATTTGCCGTTGGACGGTTCTTATGTCACAATTGATCCTTCTGTGTCGGACTGGTCTAATTACTTTAAATGTGGTCTCCATGTTG
ACTCTTTTCTAAAGAAACTTGCACCGGAAAGGTTTGCCAGTGCTCCTCTGGCCCGGCTGCAAGTCTTCTGTGAGGGTGATGTACCA

i - A
Shencemertenrec el Annotation needs to scale with \AAAAACCATGAA
AGCTTTGTTATTGCGAACA [GGTAGAAGTCAC

AGCTGCAAATGTTTTAGC] CGTAATCTAAGAG
TCATGAACGTTTATTATG( E;EEC1LJEEr](:EB (151t61 F)r()(jLJ(:tIC)r] ACGGTTAACAAAG
‘CTAGTACTAGTTGAAGAG- CITOUTOUOUUVUVUOUIMVNT VANV VNNV VUU OV T T IYWVUVTUT TUNOVDOUINMTUT VULV rIrvyyZrTvoul 1TV \TTGTTCTCGCGA
ATTCACAAGAGACTACTTAACAACATCTCCAGTGAGATTTCAAGTCTTAAAGCTATATCAGAGGGCTAAGCATGTGTATTCTGAAT
TAAGAGTCTTGAAGGCTGTGAAATTAATGACTACAGCGAGCTTTACTGCCGACGAAGACTTTTTCAAGCAATTTGGTGCCTTGATG
GAGTCTCAAGCTTCTTGCGATAAACTTTACGAATGTTCTTGTCCAGAGATTGACAAAATTTGTTCCATTGCTTTGTCAAATGGATC
TGGTTCCCGTTTGACCGGAGCTGGCTGGGGTGGTTGTACTGTTCACTTGGTTCCAGGGGGCCCAAATGGCAACATAGAAAAGGTAA
AAGCCCTTGCCAATGAGTTCTACAAGGTCAAGTACCCTAAGATCACTGATGCTGAGCTAGAAAATGCTATCATCGTCTCTAAACCA
TTGGGCAGCTGTCTATATGAATTATAAGTATACTTCTTTTTTTTACTTTGTTCAGAACAACTTCTCATTTTTTTCTACTCATAACT
GCATCACAAAATACGCAATAATAACGAGTAGTAACACTTTTATAGTTCATACATGCTTCAACTACTTAATAAATGATTGTATGATA
TTTTCAATGTAAGAGATTTCGATTATCCACAAACTTTAAAACACAGGGACAAAATTCTTGATATGCTTTCAACCGCTGCGTTTTGG
CCTATTCTTGACATGATATGACTACCATTTTGTTATTGTACGTGGGGCAGTTGACGTCTTATCATATGTCAAAGTCATTTGCGAAG
TTGGCAAGTTGCCAACTGACGAGATGCAGTAAAAAGAGATTGCCGTCTTGAAACTTTTTGTCCTTTTTTTTTTCCGGGGACTCTAC
AACCCTTTGTCCTACTGATTAATTTTGTACTGAATTTGGACAATTCAGATTTTAGTAGACAAGCGCGAGGAGGAAAAGAAATGACA
AAATTCCGATGGACAAGAAGATAGGAAAAAAAAAAAGCTTTCACCGATTTCCTAGACCGGAAAAAAGTCGTATGACATCAGAATGA
ATTTTCAAGTTAGACAAGGACAAAATCAGGACAAATTGTAAAGATATAATAAACTATTTGATTCAGCGCCAATTTGCCCTTTTCCA
TCCATTAAATCTCTGTTCTCTCTTACTTATATGATGATTAGGTATCATCTGTATAAAACTCCTTTCTTAATTTCACTCTAAAGCAT
CCATAGAGAAGATCTTTCGGTTCGAAGACATTCCTACGCATAATAAGAATAGGAGGGAATAATGCCAGACAATCTATCATTACATT
GCGGCTCTTCAAAAAGATTGAACTCTCGCCAACTTATGGAATCTTCCAATGAGACCTTTGCGCCAAATAATGCTGGATTTGGAAAAA
TATAAGTCATCTCAGAGTAATATAACTACCGAAGTTTATGAGGCATCGAGCTTTGAAGAAAAAGTAAGCTCAGAAAAACCTCAATA
CTCATTCTGGAAGAAAATCTATTATGAATATGTGGTCGTTGACAAATCAATCTTGGGTGTTTCTATTCTGGATTCATTTATGTACA
AGGACTTGAAGCCCGTCGAAAAAGAAAGGCGGGTTTGGTCCTGGTACAATTATTGTTACTTCTGGCTTGCTGAATGTTTCAATATC
ACTTGGCAAATTGCAGCTACAGGTCTACAACTGGGTCTAAATTGGTGGCAGTGTTGGATAACAATTTGGATTGGGTACGGTTTCGT

TN TTTTOATTATTTTAAAANATNHATANNRANNATTOAAATNATAATTATAATTTATAATTOAAATATATAATATALANLRAATOAATTOALAATATTTTNAT




Annotation Quality Evaluation and Reporting

Home = Data = Genomes > Coccidicides group = Gene Finding Login
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metrics, In the tables belo
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The Feature comparisons a
overlap reference genes. al
majority do not. Because w
that lack supporting EST e

gene prediction accuracy,
predicted genes,

Feature comparisons

Predicted genes that missed a reference gene, or hit one on the wrong strand, are ignored in the following
calculations, We select the single best transcript—transcript match when comparing genes with multiple
transcripts. For clusters in the onesmany, many—one, and many«many categories abowve, the best
query«—reference gene comparison is chosen per query transcript,

#oomp in ref. in query
. 4
nuclectides 5670 4 cassette exons §— ¢ 27 2
. . +
splice sites 5179 retainedintrons 25 56 235
+
—

Over
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- [dentifles most probable inconsistencies

and

of exonic

and under predicted introns.
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intr|
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Overview of reference geneg

8029 genes: 11636 transcri
3232007 exons, 21371 introns

overall length {incl,
coding le

exons per trans

exons per spliced trans
bp per

b

Provides benchmark for new annotations

—
(TP+FN+FP+THN). acp averag GLER LT

These last three terms are d
the very rare cases where th
vice versa, we count it as ¥

structure prediction program

FV3_FGENESH_1

FV3_MANUAL 1

FV3_GENEID_4
The table below briefly summd
short proteins < 50aa 166 0 0 14 56 96 + nottalliedin problems
first column shows the amoun
. shorter proteins < 30aa [}
sequence in the other gene s
. very short proteins < 10aa 1]
sides. As above, query genes
. . . . initial exon < &y 130 7 0 81 0 42
considered in this table. & hig P
internal exon < §bp 44 0 T 35 1 1
reference sets,
terminal exon £ 6bp 4 0 0 34 (1] 40
=15 exons i1 [ 2 4 2 3
overla intron = 1000bp 1]
guery | 5442559 bp intron £ 20bp [
reference 5442559 bp first codon not Met 7 0 0 [ [
first codon not xTG 7 0 0 (1] & 1
Splice analysis first codon not known START 7 0 [} [} [ 1
last codon not STOP 1z [ L} 1 10 1

1 +-mot tallied in problems

=) y =)

14205 splice agreements, 277
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Annotation is Dynamic

New Evidence Added
Gene Prediction Algorithms Improved

New Sequence Data Generated
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Conseqgquences of a Dynamic Annotation World

Mapping New Versions

no change splice change

| 1 —— 1 [ | 1 1
— 1 ————— 1
externd trunca te
| | 1  I— | I | N 1
— F+——1 1
split
— 1 T N 1
1% | T ey [ |
merge
I 0 — M S —

Transfer of Reference Annotations

Ref

Query
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Improving annotations with the wealth o
expert community knowledge

BROAD

INSTITUTE

=
<]

Horme | Hews

Viewing Annotation: ((

Info | Community | Downlog

Home = Data > Genomes > Newrospora crassa = Viewing Annotation:

(CA-4232) arginine-3 of Gene NCUD2E77

Logout mhenn

Boolean Searchin

| Editing News Annotation

Done

<< Pravious Gene on Contig (MCUD2672.2

Locus

Chromosome fLinkage
Group
Gene Symbol

Synonyms

Gene Name

Gene Product Names

Location

Protein Families

External Links

GO Biological Process

NCUD2E77.3

symbol:phy-2

ails]
large

Ephate

arg-3
arg-3 Q@

Q@

arginine-3

+histidine -kinase

Transcript]

arginine-3 Q
Carbarmoyl-phospl

Contig 6: 305395+

Contig 6; 305395
n }11 %22

+histidine submitter:hood

CarbamcCarbam

T
Q\ Carbamoyl-phosphate synthase L chain, ATP binding domain

Q\ Carbamoyl-phosphate synthetase large chain, oligomerisation domain

Q\ Carbamoyl-phosphate synthase L chain, N-terminal domain

Click Q to find all genes with that domain
» Meurospora crassa e-Compendium:noul2677.3
Term argining biosynthesis

Evidence Code TAS: Traceable suthor Statement
RH. Davis

Compartmental and requlatory mechanisms in the arginine pathways of

Mewrnsnora crassa and Sacchalomyces ceravisiae.

w Manually Annotated Genes (1)

= Clone (33}
Description| &
Community Annotations
1d Submitter Summary Comments Curated Delete

CA-1266| hhood Edited transcripts : Carbamoyl-phosphate Add
synthase arginine-specfic large chain @ Comment

CA-2957| compendium| Added synonyms @ cit-l Add O x|
Added terms : Commernt

Added 8 publications
Edited transcripts : large component of
arginine-specific carbamoyl phosphate synthetase

Add a GO Term o

Add a Fungal anatomy Term
iFHanal Gitaton,

LIV Internal Web | Contact Us | Site Map | Search

Home

BROAD




Moving beyond a single sequence view to
comparative genomics...

Use evolution to filter the signal from the noise

CONSERVATION <~ FUNCTION <~ SELECTION
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Project Design to Enable Comparative Genomics

Homo sapiens
Rhizopus oryzae

Ustilago maydis

[*7Phanerodlaete chrysosporium
ks = Coprinus cinereus
= * ]:*Cryprococcus neoformans var grubii
]—* Cryptococcus  neoformans var neoformans Crypotococcus Cluster
Cryptococcus  neoformans var gattii
Cryptococcus - neoformans var gatit Schizosaccharomyces Cluster
* Schizosaccharomyces  pombe I - = =
e e R Schizosaccharomyces  japonicus
) : Schizosaccharomyces octosporus
— % Histoplasma capsulatum | Dimorphic Cluster !
Coccidioides  immitis I Bi
Aspergillus  fumigatus |
* * Aspergillus nidulans | .
Sclerofiniaceae Cluster Fusarium graminearum | Asperglus Cluster
I .
Botrytis cinerea Trichoderma_ reesei ) Aspergr_ﬂus terreus
Sclerotinia sclerotiorum . Fusarium Cluster Aspergillus  oryzae
Magnaporthe grisea Fiearmmirssonin Aspergillus ~ clavatus
Neurospora crassa Neurospora Cluster  Fusarium verticillioides Asperg;’.fus I‘.l_j[fchengnus
. * i ;
Urediniomycete Cluster ™ Podospora  anserina spergillus  flavus

Aspergillus  niger
Aspergillus  parasiticus

, — - Chaetomium globosum
Melampsora larici-populina Y ia lipolyti
; ; ‘arrowia i ica
Phakopsora meibomiae PO Candida Cluster

Phakopsora pachyrhizi Candida guilliermondii |
Puccinia graminis @ms hansenii Candida dubliniensis
o 2 Candida lusitaniae Candida parapsilosis

*
Candida tropicalis Lodderomyces elongisporus
Pneumocystis Cluster '_IICan dida albicans Saccharomyces paradoxus

Pneumaocystis carinii * -
eumocystis carinii Kluyve lacti

—[ * . g Saccharomyces Cluster

Ashbya qossypii ]
Dermatophyte Cluster * —  Candida glabrata Kiuyveromyces marxianus
Trichont ubrum Kluyveromyces  thermotolerans

Saccharomyces  bayanus

Kluyveromyces  waltii

Completed Genome: Saccharomyces  kudiavzevii " P.ichj.:fu angusta
Broad Institute Saccharomyces  cerevisiae Pichia farinosa
Other Center Saccharomyces mikatae Saccharomyces  castellii
— 01 Saccharomyces  kiuywveri

In process Saccharomyces paradoxus
Broad Institute Saccharomyces  servazzii
Other Center Zygosaccharomyces  rouxit

Figure modified from Galagan, Henn, et al. (2005) Genome Research
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Comparative approach greatly improves
Gene Annotation

Saccharomyces cerevisiae
Revisions affect 15% of all genes
6235 previously annotated genes - 5695 ‘verified’ genes

S. cerevisiae —@W—@—%@
S. paradoxus%::—:y@—< - s
S. mikatae %:I—:»@% H ><
S. bayanus %::I—:>%:I% - >—<

528 dubious 43 novel 34 merged

[ 11
Y'YV

280 boundary
changes

Kellis et al. (2003) Nature
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Conrad: Comparative Gene Prediction

TTCTCCCGCAACCTTCCCTTCGCTCCCTCCCGTCCCCCCE
G e n O m e AGCTCCTAGCCTCCGACTCCCTCCCCCCCTCACGCCCGCC
CTCTCGCCTTCGCCGAACCAAAGTGGATTAATTACACGCT

TTCTGTTTCTCTCCGTGCTGTTCTCTCCCGCTGTGCGCCT

GCCCGCCTCTCGCTGTCCTCTCTCCCCCTCGCCCTCTCTT
S e u e n C e CGGCCCCCCCCTTTCACGTTCACTCTGTCTCTCCCACTAT
CTCTGCCCCCCTCTATCCTTGATACAACAGCTGACCTCAT
TTCCCGATACCTTTTCCCCCCCGAAAAGTACAACATCTGG

Comparative

il == Conrad =] Final gene call

Sequence e irsa

Protein & - -

EST Data

» Uses probabilistic models and non-probabilistic data

 Easily trainable for new data types and genomes

Vinson, DeCaprio, Galagan et al. (2006) NIPS
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Regulatory Motif Discovery Using Comparative
Genomics

69 Conserved Patterns in Aspergillus

CCAGACTARTCGARANICCTIRC GTATOC TCCTRCCODCRRTC
TETAATATTICASTGTARTGRTC TOCGIC SRS 7 i
COTAATTTATARNTATATCTITC i1 TCTTAG---TCRITTA

CCCACTACTC
GTAC T AT IO I ETC M T CCAT T G - —— -~ -
ACAC GIC----~ Gh
CTCTICTIGCATCOCE FCTCATCERTTACT TTIIC TCARCTEI---—--
AFGTTTICTCARCTCRAC G s TAC CRC THAR TR
CORCGOCTOCGCTITCAS ™ TTA ToANTC ——

Similar No.5' No.3'  5'/3"  Aligned Strand Enriched in COG categories

Conpat consensus sequence  sites  sites bias? (%) bias? (no. genes in category)
T A . bBHLH 115 8 up** a5 Yeg** J: Translation, ribosomal structure, biogenesis (16)"
A TCST TATEC areAgnd 25 3 up” 60
TITG—. TGTIT 46 i up* 35 A BNA processing, modification (8)
TCACAT =~ bHLH 36 3 up™ 47 Yes® I: Lipid transport, metabolism (10)**
- ] ATAT o Puf 5 20 down® 30 Yag

Galagan et al. (2005) Nature
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Annotating Regions of Rapid & Slow Evolution

Fusarium graminearum strains:

* |D therapeutic targets

e Determine stabllity of disease locl

genes —
chromosome 1 position

C. Cuomo (unpublished)
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Lineage & Species Specific Innovation

lineage specific genes

HE C. albicans - S ﬁ — o

C. albicans .o L. GOSN S S5 G Seemm See .
®E C. dubliNiensis oo S - S S s X w B
BE C. parapsiloSis wwen Sl St . B S5 SUS el i ) A
mE C. tropicalis » “wwe w e 5 e = & -
® D. hansenii  swsmo S e o S L e R W

$® C. guilliermondii

® ® C . Iu Sltan Iae 101823 | cusgiose / cmgmwm | aegom 1Lk I

cgui_g11790 e ooli GHTT1 oW QUZST | g s | et | co ot

inserted segment species specific genes

Synteny spans 100 million years!

Cuomo, Kellis, & Rasmussen (unpublished)




ldentifying Regions of Rapid Rearrangement:
whole genome alignment of 8 Aspergillus spp.

Telomeres Rearrange
Rapidly

2

LELE

| el

g SEE=Eo= c=—=_== Y . 3 .
e Fragile” regions

rapid adaptation

Position on chromosome (Mb)

| J== o= LEs uewi I

A. nidulans Chromosomes

8 ~jﬁiﬁ% Ju== s
H ;] _—: =

i77_7 2 = =E=—=:=
= om om

(n]

Tll [ [ I

identification of regions of

0
[

El I ]!Hlll

1:13

Galagan et al. (2005) Nature




Comparative Genomics at the Population

lum falciparum

Plasmod

Scale
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Comparative Genomics at the Population
Scale: Plasmodium falciparum

Diversity to Identify Regions of

Chromosome-Scale Variation Selection
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Sequencing

e Large sequencing capacity

e New data types

e Previously infeasible projects are possible

Annotation

< Needs to scale with sequencing
e Dynamic

e More than just genes
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Comparative Approaches

e Conservation < Function <& Selection

e Improve & Enable Annotation

e Species and Lineage Specific Innovation

e |dentify Regions of Rapid and Slow Evolution
e Bring Genetics to Genomics

Collaborative Projects
= Scientific Planning and Project Development
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